The biased competition theory proposes that items matching the contents of visual working memory will automatically have an advantage in the competition for attention. However, evidence for an automatic effect has been mixed, perhaps because the memory-driven attentional bias can be overcome by top-down suppression. To test this hypothesis, the Pd component of the event-related potential waveform was used as a marker of attentional suppression. While observers maintained a colour in working memory, task-irrelevant probe arrays were presented that contained an item matching the colour being held in memory. We found that the memory-matching probe elicited a Pd component, indicating that it was being actively suppressed. This result suggests that sensory inputs matching the information being held in visual working memory are automatically detected and generate an ''attend-to-me'' signal, but this signal can be overridden by an active suppression mechanism to prevent the actual capture of attention.
physically salient stimuli. The other is a top-down mechanism in which the competition is biased in favour of current goals. Goals are thought to influence competition by means of working memory representations in visual cortex, which essentially preactivate the representations of goalrelevant stimuli and therefore confer an advantage to these representations (Chelazzi, Duncan, Miller, & Desimone, 1998) . To test this hypothesis, several studies have investigated whether attention is automatically guided toward items that match the contents being held in visual working memory (Downing, 2000; Downing & Dodds, 2004; Han & Kim, 2009; Houtkamp & Roelfsema, 2006; Kumar, Soto, & Humphreys, 2009; Olivers, 2009; Olivers, Meijer, & Theeuwes, 2006; Pan, Xu, & Soto, 2009; Peters, Goebel, & Roelfsema, 2009; Soto, Heinke, Humphreys, & Blanco, 2005; , 2009 Soto, Humphreys, & Heinke, 2006; Soto, Humphreys, & Rotshtein, 2007; Woodman & Luck, 2007 ; see review by Soto, Hodsoll, Rotshtein, & Humphreys, 2008) .
Soto and colleagues have provided evidence of memory-driven attentional capture (Kumar et al., 2009; Pan et al., 2009; Soto et al., 2005 Soto et al., , 2007 , 2009 . In their studies, a simple coloured shape (e.g., a red square) was presented at the beginning of each trial and participants were required to remember this object until the end of the trial. A visual search array then appeared, containing a tilted target bar among vertical distractor bars. Each bar was surrounded by a coloured shape, one of which could match the object being held in memory. Although the memory-matching item was unrelated to the location of the search target, search performance was impaired when the memory-matching item surrounded one of the nontarget bars, and the memory-matching item tended to attract gaze more than items that did not match memory (Soto et al., 2005 . This result suggests that the contents of visual working memory automatically guide attention.
In contrast, other studies reported no evidence of memory-driven attentional capture (Carlisle & Woodman, 2011; Downing & Dodds, 2004; Houtkamp & Roelfsema, 2006; Woodman & Luck, 2007) or found that memory-driven attentional capture is eliminated under some situations (Han & Kim, 2009; Olivers, 2009) . In Woodman and Luck (2007) , a coloured square was first presented for storage in working memory, followed by a search array that required a response to a target defined by its shape. On half of the trials, the colours of all the squares in the visual search array were different from the colour of the memory object. In the other half, one of the distractors was drawn in the same colour as the memory object. No evidence for memory-driven attentional capture was obtained. Indeed, the results indicated that attention could be directed away from the location of the memory-matching distractor, suggesting that the influence of visual working memory on selective attention is not automatic but controlled and flexible.
Here, we propose that an active suppression mechanism can be used to prevent attention from being captured by sensory inputs that match the contents of visual working memory. This hypothesis is based on previous research examining the capture of attention by stimuli having bottom-up salience. Specifically, Sawaki and Luck (2010) reported that salient singletons are detected and generate an attention capture signal (an attend-to-me signal), irrespective of attentional control settings, but that the actual deployment of attention to these singletons can be avoided by an active suppression process. This signal suppression hypothesis of controlled attention capture shares elements of the two main competing theories of attention capture. Like the bottom-up saliency hypothesis (Theeuwes, 1991 (Theeuwes, , 2004 (Theeuwes, , 2010 Theeuwes & Burger, 1998) , the signal suppression hypothesis proposes that salient items are detected irrespective of top-down control settings, insofar as the attend-to-me signal is generated by salient items whether or not they match control settings. However, like the contingent involuntary orienting hypothesis (Bacon & Egeth, 1994; Folk & Remington, 1998; Folk, Remington, & Johnston, 1992; Folk, Remington, & Wright, 1994; Kiss, Jolicaeur, Dell'Acqua, & Eimer, 2008; Leber & Egeth, 2006) , the signal suppression hypothesis proposes that top-down control settings can influence whether this attend-to-me signal actually leads to the allocation of attention.
The present study extends the signal suppression hypothesis to signals that are based on the match between a sensory input and a working memory representation. Specifically, we propose that memory-matching items automatically generate an attend-to-me signal, but this signal can be overridden by top-down suppression under some conditions. Memory-driven attentional capture has been typically measured by the effects of memory-matching items on reaction time (RT). However, RT measures have some key shortcomings in addressing the control of attention. First, it is difficult to determine whether the absence of capture reflects the active suppression of a bias signal or simply the lack of any bias signal. Second, RT tasks typically create situations in which the observers are trying to allocate attention to a target item while simultaneously dealing with bias signals arising from the distractors, and the RT effects may reflect an interaction between these factors rather than the pure impact of the bias signals.
The present study investigated this issue by using the Pd component of the event-related potential (ERP) waveform, which appears to reflect attentional suppression of distractors. The Pd component is observed in the ERP waveform as a more positive voltage at contralateral scalp sites than at ipsilateral scalp sites relative to the position of the to-be-suppressed item, with maximal voltage at lateral occipitotemporal electrode sites. This component typically begins 150Á250 ms poststimulus, depending on stimulus salience. Hickey, Di Lollo, and McDonald (2009) first described this component in detail. In their study, a target item and a nonsalient distractor item were presented in the display, and participants were asked to discriminate the identity of the target. They showed that the distractor item elicited the Pd component. It is assumed that the distractor was actively suppressed because the target and the distractor were the only items in the display, and task-irrelevant distractors can provide strong competition for attention under such low perceptual load conditions (Lavie, 1995 (Lavie, , 2005 Lavie, Hirst, de Fockert, & Viding, 2004; Lavie & Tsal, 1994) . Furthermore, Sawaki and Luck (2010) showed that salient distractors elicit the Pd component under conditions in which no behavioural capture would be expected. Similar results were observed by Eimer and Kiss (2008) , although the relationship between Pd and distractor suppression was not known when that study was published.
In contrast to the suppression-related Pd component, the N2pc component reflects the allocation of attention to an item (Eimer, 1996; Hickey, McDonald, & Theeuwes, 2006; Kiss et al., 2008; Leblanc, Prime, & Jolicoeur, 2008; Lien, Ruthruff, Goodin, & Remington, 2008; Luck & Hillyard, 1994a , 1994b Rodríguez Holguín, Doallo, Vizoso, & Cadaveira, 2009; Woodman & Luck, 1999 , 2003 ; see review by Luck, 2011) . Whereas Pd is positive contralateral to a suppressed item, N2pc is negative contralateral to an attended item. Together, these two components make it possible to determine whether a given item is attended or suppressed. Kumar et al. (2009) used ERP recordings to investigate whether attention is automatically deployed towards items that match the contents of visual working memory. They found that the N2pc component elicited by a visual search target was larger when a memory-matching distractor was in the same visual field as the target and smaller when the distractor was in the opposite field, which is the pattern that would be expected if the memory-matching distractor elicited an N2pc component. That is, the N2pc to the target and memory-matching distractor would add together when they appeared on the same side, leading to a large N2pc contralateral to this side, but they would cancel when on opposite sides, leading to a small N2pc contralateral to the target side. However, because they never presented a memory-matching distractor without a target, it is impossible to know whether this distractor actually captured attention or whether it indirectly modulated the allocation of attention to the target. In addition, when the memory-matching distractor was presented on the same visual field as the target, the distance between the distractor and the target was closer than when it was presented on the opposite side. Therefore, it is possible that the large N2pc was observed when the memory-matching distractor appeared on the target side because more attention was allocated to the target to resolve the competition and not because attention was captured by the memory-matching distractor.
In the present study, we instead measured ERPs elicited by task-irrelevant probe arrays consisting of a memory-matching item and a completely irrelevant nonmatching item. The absence of a task for the probe array makes it possible to examine the pure effects of a working memory match, unconfounded by the presence of a target.
The basic task is illustrated in Figure 1 . ERPs are highly sensitive to the physical features of stimulus sequence, and this makes special control procedures necessary. Thus, rather than simply presenting a single object and asking observers to store this object in working memory, two objects were presented, and a spatial cue indicated that one of these two objects should be stored in memory. In addition, to avoid any possible strategic effects, observers were asked to store the orientation of the cued item in memory to perform an orientation-matching task at the end of the trial, and the colour was task-irrelevant. Previous studies indicate that observers will automatically store all features of an object in working memory, even irrelevant features Hyun, Woodman, Vogel, Hollingworth, & Luck, 2009 ), so we assumed that the task-irrelevant colour of the cued rectangle would be stored in working memory in the present study.
While the cued rectangle was being maintained in working memory, two task-irrelevant probe circles were briefly presented, one on each side of fixation. One circle had the same colour as the memory rectangle (memorymatching probe), allowing us to determine whether the memory match leads to capture of attention (N2pc) or suppression (Pd). Observers performed no task with these circles, but the biased competition theory assumes that the biasing effects of the working memory representation will have the same effects on task-relevant and task-irrelevant stimuli. instructed to attend to the region indicated by the dark half of the cue. In this example trial, these participants would store the upper rectangle in memory and compare it with the two rectangles shown in the test array, and the red circle would be the memory-matching probe item. For the other participants, who were instructed to attend to the region indicated by the light half of the cue, the lower rectangle would be stored in memory and the green circle would be the memory-matching probe item. To view this figure in colour, please see the online issue of the Journal.
We anticipated three possible outcomes for the probe stimuli. If memorymatching items automatically receive priority for attention, and this inevitably results in deployment of attention, then an N2pc component should be observed contralateral to the memory-matching probe circle. Alternatively, if memory-matching items automatically generate an attendto-me signal, but an active suppression mechanism is used to prevent the actual deployment of attention, then the memory-matching probe should elicit a Pd component. A third possibility is that memory-matching items do not automatically receive priority for attention, in which case the memorymatching and nonmemory-matching probe items would elicit equivalent neural responses, and no significant lateralization of ERP activity would be observed relative to the location of the matching item.
It should be noted that capture (N2pc) may occur on some trials, and suppression (Pd) may occur on others. Because N2pc and Pd have opposite polarities and similar scalp distributions, they will cancel each other, and the averaged data will reflect the balance of capture and suppression. Thus, these predictions reflect this balance across many trials and not necessarily the brain activity on any given single trial.
METHOD Participants
The participants were 12 neurologically normal volunteers between 18 and 30 years old who were paid for their participation. All participants had normal or corrected-to-normal vision. Informed consent was obtained at the beginning of the experiment.
Stimuli and procedure
The stimuli were presented on a video monitor with a black background at a distance of 70 cm. The sequence of events on a typical trial is illustrated in Figure 1 . Following a blank intertrial interval (700Á900 ms, rectangular distribution), a central square cue (0.48)0.48) was presented for 400 ms (cue array). On half of the trials, the upper half of the cue was dark grey (8.86 cd/m 2 ) and the lower half was light grey (17.76 cd/m 2 ). The luminances were reversed for the remaining trials, selected at random. Half of the participants were instructed to direct attention to the region indicated by dark grey side, and the other half were instructed to direct attention to the region indicated by light grey side.
While the cue stimulus remained visible, two rectangles (0.68)1.48) were presented for 400 ms, each centred 2.08 above or below the fixation point (sample array). One rectangle was red (u?0.47, v?0.51, 20 cd/m 2 ) and the other was green (u?0.14, v?0.54, 20 cd/m 2 ), with the colour at each location varied randomly across trials. The orientation of each rectangle was chosen randomly within a range between 258 and 658 or between 1158 and 1558 (with 08 being vertical). The values were used to minimize categorical, verbal representations. Participants were instructed to remember the orientation of the rectangle in the cued region and to ignore the orientation of the rectangle in the uncued region.
After a blank interval (700Á900 ms, rectangular distribution), two taskirrelevant probe circles (1.48 in diameter) were presented for 200 ms, each centred 2.08 to the left or right of fixation. One circle was red and the other was green, and the colour at each stimulus location varied randomly across trials. Therefore, one of the circle probes matched the colour of the to-beremembered rectangle for that trial (memory-matching probe) and the other did not (nonmatching probe). Participants were explicitly instructed that the probe circles were not task relevant.
Next, after a blank interval (700Á900 ms, rectangular distribution), a test array was presented. This array consisted of two rectangles, each centred 4.58 above or below the horizontal meridian. One rectangle was in the same orientation as the memory rectangle that the participant was asked to remember. The other was randomly chosen to be '20 or Á20 degrees tilted relative to the memory rectangle. Both rectangles had the same colour as the memory rectangle. The location of the orientation-matching and orientation-mismatching rectangles varied randomly across trials. Participants responded on a game pad, pressing the upper button with their right index finger or the lower button with their right middle finger to indicate whether the upper or lower rectangle in the test array matched the orientation of the memory rectangle. The test array was extinguished by the participant's response or after 3000 ms, whichever came sooner.
It should be emphasized that stimuli in the sample and test arrays were always presented at the vertical locations, whereas stimuli in the probe array were always presented at the horizontal locations. Therefore, we assumed that there would be no confusion between the probe array and the sample and test arrays.
It is also important to note that all aspects of the physical stimuli were completely counterbalanced to eliminate any possible sensory confounds. First, the data from each participant were collapsed across stimulus colours and locations. Second, a given sequence of stimuli might have the memorymatching probe on the left side and the nonmatching probe on the right side for participants who were instructed to remember the item indicated by the light grey portion of the cue stimulus, and this same stimulus would have the memory-matching probe on the right side and the nonmatching probe on the left side for participants who were instructed to remember the item indicated by the dark grey portion of the cue stimulus. Once the data are averaged across these two groups of participants, all physical stimulus factors are completely controlled.
A grey fixation cross (0.48 ) 0.48, 11.55 cd/m 2 ) was continuously visible at the centre of the display, except when occluded by the cue, and participants were instructed to maintain fixation on the central location throughout each trial.
Each participant performed 30Á60 practice trials, followed by 20 blocks of 32 trials during which ERPs were recorded. This yielded 320 trials on which the memory-matching probe was in the left visual field and 320 trials on which this probe was in the right visual field.
Recording and analysis
The EEG was recorded using active Ag/AgCl electrodes (BioSemi ActiveTwo) placed at the left and right mastoids and 32 scalp sites (Fp1, Fp2, F7, F3, Fz, F4, F8, T7, C3, Cz, C4, T8, P9, P7, P5, P3, P1, Pz, P2, P4, P6, P8, P10, PO7, PO3, POz, PO4, PO8, O1, Oz, O2, and Iz, according to the modified 10-20 System; American Electroencephalographic Society, 1994). To detect eye movements and blinks, the electrooculogram (EOG) was recorded from electrodes placed at the outer canthi of each eye, and above and below the right eye. All signals were recorded in single-ended mode. The EEG and EOG were low-pass filtered with a fifth-order sinc filter (halfpower cutoff at 208 Hz) and digitized at 1024 Hz.
All data analyses were conducted using ERPLAB Toolbox (http://www. erpinfo.org/erplab/) and EEGLAB Toolbox (Delorme & Makeig, 2004;  http://sccn.ucsd.edu/eeglab/), which are freely available, open source, Matlab-based packages for EEG/ERP data analysis. The EEG signals were referenced offline to the average of the left and right mastoids, and the four EOG signals were referenced into bipolar vertical and horizontal EOG derivations. These signals were low-pass filtered offline using a noncausal Butterworth infinite impulse response filter with a half-power cutoff at 30 Hz and a roll-off of 12 dB/octave, and then down-sampled to 256 Hz. Averaged ERP waveforms were computed with a 600-ms epoch, beginning 100 ms before the onset of the probe array.
Trials were automatically excluded if they contained an incorrect behavioural response, if the RT was shorter than 100 ms or longer than 3000 ms, if the EEG exceeded 9100 mV in any channel, or if either EOG signal exceeded 980 mV. To assess residual eye movements, we computed separate averaged horizontal EOG waveforms for trials with the memorymatching item on the left and right sides. Any consistent eye deflections toward or away from the memory-matching item would lead to a difference in HEOG voltage when this item appeared on the left versus right side, even if the deflections were small or infrequent. We routinely replace any participants for whom the residual HEOG activity is more than 3.2 mV, which means that the residual eye movements in the remaining participants were less than 0.28 with a propagated voltage of less than 0.1 mV at the posterior scalp sites (Lins, Picton, Berg, & Scherg, 1993) . We also routinely replace participants for whom more than 25% of trials are rejected because of EEG/EOG artifacts. One participant was replaced for these reasons in the present experiment. Among the final set of 12 participants, artifacts led to the rejection of an average of 11.0% of trials (range 2.1Á24.5%).
RESULTS
For the memory task, mean reaction time was 996 ms and mean memory accuracy was 78.3% correct. Every trial contained a probe array with one memory-matching probe and one nonmatching probe, so there was no way to determine whether the presence of a memory-matching probe influenced task performance. Figure 2 shows the ERP waveforms from lateral parietal-occipital scalp sites (P7/P8 and PO7/PO8), time-locked to the probe array. Separate waveforms are shown for contralateral and ipsilateral sites, relative to the location of the memory-matching probe circle (i.e., the contralateral waveform was the average of the left-hemisphere electrode when the memory-matching probe was in the right visual field and the right-hemisphere electrode when the memory-matching probe was in the left visual field; the ipsilateral waveform was the average of the left-hemisphere electrode when the memory-matching probe was in the left visual field and the right-hemisphere electrode when the memory-matching probe was in the right visual field). A Pd component*a more positive voltage contralateral to the location of the memory-matching item*was visible in the ERP waveform beginning approximately 220 ms poststimulus.
Pd amplitude was measured as the mean voltage between 250 and 300 ms relative to the mean voltage during the 100 ms prestimulus baseline period at the P7 and P8 electrode sites and PO7 and PO8 electrode sites. These sites were chosen because the Pd component was largest at these sites in the present study and in previous studies (Hickey et al., 2009; Sawaki & Luck, 2010) . This time window was chosen based on the latency of the peak in the grand average waveform, but the pattern of statistical significance did not depend on the specific time window used for measuring the Pd.
A one-sample t-test of the contralateral-ipsilateral difference versus zero revealed that the voltage was significantly more positive over the contralateral hemisphere than over the ipsilateral hemisphere, relative to the location of the memory-matching probe: P7/P8, t(11)03.4, pB.01; PO7/ PO8, t(11) 0 4.0, pB.005. Therefore, the memory-matching probe did not elicit an N2pc but instead elicited a Pd.
DISCUSSION
In this study, we found that task-irrelevant probes matching the contents of visual working memory elicited a Pd component (indexing attentional suppression) rather than an N2pc component (indexing attentional allocation). Thus, these results indicate that attention is not inevitably captured by an item that matches the contents of visual working memory. Instead, the finding of the Pd effect suggests that the memory-matching item was actively suppressed. This is the same pattern we observed for task-irrelevant stimuli with high bottom-up salience (colour singletons) in a previous study (Sawaki & Luck, 2010) .
It can be challenging to link a physiological measure with a specific neurocognitive process (see Kappenman & Luck, 2011) , and it can be difficult to make inferences about the presence or absence of a neurocognitive process on the basis of a physiological measure (Poldrack, 2006) . It is therefore important to consider exactly what conclusions can be drawn with certainty from these results. The mere fact that the voltage varied according to the location of the memory-matching item indicates that this item and the nonmatching item were processed differently. Thus, we can conclude with certainty that the brain detected the fact that one of the two probe items matched memory. In addition, this difference did not take the form of a negative potential contralateral to the memory-matching item (N2pc), whereas dozens of previous studies have shown that an N2pc is observed when attention is directed to an item in a bilateral stimulus array (reviewed by Luck, 2011) . Thus, we can conclude with considerable confidence that attention was not reliably directed to the location of the memory-matching item. Finally, we observed a positive potential contralateral to the memorymatching item, and this potential at least coarsely resembles the Pd component previously observed contralateral to to-be-suppressed distractor items (Hickey et al., 2009; Sawaki & Luck, 2010) . Although the Pd component has received much less study than the N2pc component, this result gives us some confidence that an active suppression process was applied to the memory-matching item.
These results are consistent with the signal suppression hypothesis that we developed to explain previous ERP and behavioural studies of attentional capture (Sawaki & Luck, 2010) . This hypothesis proposes that stimuli with a competitive advantage*based on either bottom-up sensory factors or topdown factors such as a match with working memory*automatically generate an attend-to-me signal. In the absence of strong top-down control, this attend-to-me signal will lead to a shift of attention (indexed by the N2pc component). However, it is possible for top-down control systems to veto this shift of attention by means of active suppression of attentional priority at the location of the attend-to-me signal (indexed by the Pd component). Therefore, the actual deployment of attention is determined by the relative strengths of the attend-to-me signal and top-down control signals. This hypothesis predicts that suppression will fail and capture will occur when the attend-to-me signal is stronger than the top-down control signal. Indeed, previous studies have observed trial-by-trial variations in attentional capture (Hickey, van Zoest, & Theeuwes, 2010; Leber, 2010; Mazaheri, DiQuattro, Bengson, & Geng, 2011) , and we have similarly found trial-by-trial variations in whether an N2pc or Pd will be elicited by an irrelevant distractor item (Sawaki, Geng, & Luck, 2011) . Thus, the fact that memorymatching stimuli led to capture of attention in some previous studies but not in others may reflect differences across studies in the relative strengths of the attend-to-me signal and the top-down control signal.
Because the Pd and N2pc components have opposite polarities and similar scalp distributions, they will cancel each other if they are both equally strong at a given moment in time. The average ERP waveform therefore indicates the relative balance of N2pc and Pd. Thus, it is possible that both N2pc and Pd were present initially in the present study, but they cancelled each other until the time at which a clear Pd was visible (c. 220 ms poststimulus). This could explain why the apparent onset latency of the Pd effect is later in this experiment than it was for salient irrelevant singletons in the study of Sawaki and Luck (2010) , for which the Pd effect began at approximately 120 ms. However, these differences in Pd onset latency between studies could instead reflect differences in the amount of time needed by the visual system to determine that an item should be suppressed because the item is task irrelevant (which may be faster for salient singletons that share no features with the target than for memory-matching items). In either scenario, however, the present results demonstrate that the memorymatching probe item ultimately triggered a Pd component, with no evidence of an initial period during which this item out-competed the nonmatching item for control over attention. Thus, under these conditions, the visual system was able to overcome the biasing effects of a match between a sensory input and a working memory representation.
In addition, our reliance on contralateral-minus-ipsilateral difference waves makes it possible that the ERP lateralization observed here is not a Pd to the memory-matching item but is instead an N2pc to the nonmatching item on the opposite side of the display. Indeed, Woodman and Luck (2007) demonstrated that attention can sometimes be biased away from memorymatching items. In that study, however, there was a benefit to strategically deploying attention towards a nonmemory-matching stimulus, because the search target was always a nonmatching item. In the present study, in contrast, there was no such benefit, and it is unlikely that observers strategically shifted attention to the nonmatching item.
One might suppose that no suppression should have been needed for memory-matching probe items in the present study because memory targets were not presented together with memory-matching probe items. However, because the memory task was relatively difficult (memory accuracy rate was 78.3%), the participants needed to maintain their focus on maintaining the orientation representation in visual working memory. If attention were captured by the memory-matching probe, this may have made it difficult for participants to retain the precise orientation of the target rectangle in memory. Therefore, suppression of the memory-matching probe item may have been helpful to prevent degradation of the representation of the taskrelevant information in working memory. In addition, memory-matching items might elicit eye movements (Olivers et al., 2006) , and suppression may have been useful in avoiding unwanted eye movements that would lead to automatic working memory encoding (Hollingworth, Richard, & Luck, 2008) .
In the present study, the uncued item in the sample array had the same colour as the nonmatching probe in the probe array (which was necessary to avoid sensory confounds). One might argue that the uncued item was actively inhibited to successfully remember the orientation of the cued item, as in negative priming experiments (Fox, 1995) and that the Pd therefore reflects suppression of the nonmatching probe, primed by the active suppression of the uncued item. However, this is very unlikely. First, if the nonmatching probe had been actively inhibited, an opposite pattern of ERP lateralization would have been observed. That is, this hypothesis would predict a more positive voltage contralateral to the location of the nonmatching item, whereas we observed a more positive voltage contralateral to the location of the matching item. In addition, observers were asked to store the orientation of the cued item in memory, and the colour of the item was task-irrelevant, so there would be no need to suppress the colour of the uncued item.
It should also be noted that the items in the test array had the same colour as the to-be-remembered rectangle. It is therefore possible, in principle, that the observers actively searched for this colour. This is also very unlikely, because actively attending to the colour of the cued item would have led to a more negative voltage (i.e., N2pc) rather than a more positive voltage (i.e., Pd) to the memory-matching item. Moreover, the colour of the test display was irrelevant to the task, and no obvious benefit would be gained by retaining the colour of the sample item in memory. In addition, because we are not trying to draw any conclusions about the automaticity of the colour encoding, the possibility that subjects may have voluntarily attended to the colour does not impact our conclusions.
Some previous studies reported that attention is automatically captured by items that match the contents of visual working memory (Downing, 2000; Kumar et al., 2009; Pan et al., 2009; Soto et al., 2005 Soto et al., , 2007 , 2009 , whereas other studies obtained no evidence of memory-driven attentional capture (Downing & Dodds, 2004; Houtkamp & Roelfsema, 2006; Woodman & Luck, 2007) . These studies focused primarily on RT measures, making it difficult to know whether the lack of evidence for memory-driven attentional capture in some studies occurred because the memory match was not detected, because the memory match did not lead to increased salience, or because the salience was overridden by active suppression. Kumar et al. (2009) used ERP recordings to investigate this issue, and they showed that the N2pc response to a visual search target was modulated by a memory-matching distractor. However, this study could not isolate the ERP response to the memory-matching distractor because the visual search target and the memory-matching distractor were always presented simultaneously. Consequently, it is impossible to know whether attention was directed to the memory-matching distractor or whether the presence of this distractor simply modulated the allocation of attention to the target. In addition, the memory-matching item was closer to the target when it was on the same side as the target, which may have necessitated additional filtering that would not have been needed in the present study.
Nonetheless, given that several behavioural studies have found that memorymatching items capture attention (e.g., , it is possible that attention was indeed captured by the memory-matching item in the Kumar et al. study, producing an N2pc. If so, the difference between that study and the present study could be explained by the relative balance between the attend-to-me signal and top-down control signals. Additional research is needed to understand the factors that control this balance, both from trial to trial and from experiment to experiment.
